two electrically conducting parts of a metallic assembly. This study aims at opening the way to the design of simple model-based approaches for the resolution of the NDE inverse problem for any type of EC sensor.
Experimental setup:
The NDE problem underlying this study consists in estimating the air gap between two conductive plates, such as a coating fixed on wing ribs or spars, in aeronautical assemblies. In order to experimentally carry out this problem, plates made of an aluminium alloy featuring an electrical conductivity  = 17 MS/m and a unitary relative magnetic permeability are used. The wing coating is represented by a plate of thickness c = 1.5 mm, whereas the rib, which in practice is a piece of variable thickness, is represented by a series of plates featuring thicknesses r comprised between 1.5 mm and 25 mm. The variable air gap separating two conductive layers, denoted a, created by using insulating sheets featuring both unitary relative magnetic permeability and dielectric permittivity, is comprised in the 0 µm to 500 µm range. The EC data are acquired by means of a magnetic cup-core coil featuring 110 turns and an outer diameter of 35 mm, placed on the coating without either lift-off or tilt angles, as shown in Figure 1 . Its free impedance (obtained when the sensor is placed far away from the target) is equivalent to a resistance R 0 = 4.6  in series with an inductance L 0 = 3.04 mH. EC data are obtained through the sensor impedance via an impedance analyzer (HP4192A) controlled by a computer. We consider the normalized impedance (NI) denoted Z n and defined in [2] for a harmonic as:
where Z a is the impedance of the sensor when electromagnetically coupled with a two plate assembly featuring an air gap a, and X 0 is the free reactance of the sensor.
Sensor and Target interaction:
In the case of an EC sensor coupled with a conductive plate, it is known that the NI of the sensor, Z n , is a function of the thickness, the electromagnetic parameters of the plate, and of the EC frequency. In our study, the NI of the sensor coupled with the multilayered structure, denoted Z nt , is likely to be a related to the coating thickness c, the rib thicknesses r and to the air gap a, and is expected to be advantageously studied in the NI plane which plots the normalized reactance of the sensor as a function of the normalized resistance. Therefore, our experiment is implemented to measure the NI of the sensor over a large frequency range (from 80 to 30kHz). We define a NI distance d of Z nt , as:
where Z n0 denotes the NI of the sensor obtained when the coating and the rib are in contact (i.e. a = 0), and Z nt the NI obtained when the air-gap a is nonzero.
The experiments show that an affine relation relates d to a (3), provided that the frequency f does not exceed a maximum value f max approximately equal to the frequency at which the skin depth  of the induced EC equals 2/3 of the coating thickness c.
Further analysis of the experimental results also shows that an optimal frequency f opt exists, that maximizes the slope of the d(a) curves, whatever the hal-00832688, version 1 -18 Jul 2013 value of a (Fig. 2) . This frequency is approximately that for which the skin depth  of the EC is 2.5 times the coating thickness c. It is worth noting that in the [f opt f max ] interval, the normalized impedance distance decreases as the excitation frequency increases (Fig. 2) . One can also notice that for a fixed coating thickness and a fixed excitation frequency, the thicker the rib the higher the NI distance d. 
